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ABSTRACT
Mergers of white dwarfs (WDs) may lead to a variety of transient astrophysical events, SNIa being
one possible outcome. Lyutikov & Toonen (2017, 2019) argued that mergers of WDs result, under various
parameter regimes, in unusual central engine-powered supernova and a type of short Gamma Ray Bursts that
show extended emission tails. Observations by Gvaramadze et al. (2019) of the central star and the nebula
J005311 match to the details the model of Lyutikov & Toonen (2017, 2019) for the immediate product of a
merger of a heavy ONeMg WD with CO WD (age, luminosity, stellar size, hydrogen deficiency and chemical
composition).
1. Introduction: different channels of WD mergers
Mergers of WDs is one of the most frequent catastrophic events, see §4 for discussion of the rates; (see also Shen
et al. 2012; Schwab et al. 2016). Supernova of Ia type is the channel of WDs mergers most frequently discussed (see
Maoz et al. 2014, for a recent review). As we discuss below, there are other various possible channels. Lyutikov & Toonen
(2017, 2019) argued that under certain circumstances WDs mergers can lead to other transients - from special types of
SNe, like Fast Blue Optical Variables (FBOTs), to a specific type of Gamma Ray Bursts (short GRBs with extended
tails)1. In particular, the model of Lyutikov & Toonen (2017, 2019) asserts that the merger of a heavy ONeMg WD
with a CO WD creates a super-Chandrasekhar mass, shell burning (C and O burning) star with luminosity L ∼ 104L.
The star produces strong, nearly hydrogen deficient winds.
This picture was well matched by the recent observations of Gvaramadze et al. (2019) who discovered a hot,
∼ 200, 000K, luminous ∼ 104.5L star within a mid-infrared nebula. Both the star and the nebula appear to be free of
hydrogen and helium. The wind velocity is exceptionally high, ∼ 16, 000 km s−1. Gvaramadze et al. (2019) suggested
that the central star and the nebula J005311 are the system created by a WD merger; Lyutikov & Toonen (2017, 2019)
described a particular channel of WDs merger that may lead to J005311. In particular, Gvaramadze et al. (2019) discuss
a possibility of a high neon surface abundance that could imply that a ONeMg WD participated in the merger event
- also matching the model of Lyutikov & Toonen (2017, 2019). (Sakurai’s Object (e.g., Asplund et al. 1999) and R
Coronae Borealis (Webbink 1984; Staff et al. 2012) may be other examples of peculiar shell-burning stars following white
dwarf mergers .)
1 As discussed by Lyutikov (2009); Lyutikov & Toonen (2017), there is a number of observational contradictions to the paradigm of
short GRBs coming from the binary neutron star merger, like extended emission and late flares – both not seen in the particular case of
GW/GRB170817).
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2. Specific channel of collapse following WDs mergers
The fate of WDs mergers mostly depends on masses of the components, which in turn depend on the initial zero-age
Main-Sequence masses and the initial orbital separation. They also depend on the less certain properties of the evolution
of the contact binaries, like mass ejected and orbital evolution during the Common Envelope phases.
The model of Lyutikov & Toonen (2017, 2019) suggests that an initial binary with components of∼ 5M and∼ 8M
forms a close WD binary of a ONeMg and CO WDs, following two distinct evolutionary channels. The gravitational
waves-induced merger results in disruption of a lower massive WD, its accretion on the primary, avoiding SN Ia-type
explosion. Immediately after the merger the core (the initial primary) is surrounded by the shell and the disk made
of the disrupted WD (Benz et al. 1990). The merger produces an optical transient, possibly helped by the magnetic
dissipation (e.g. Beloborodov 2014).
After the transients settles down, the result is a special type shell-burning star with a size few times 109 cm, fast
rotating (at the surface), with luminosity L ∼ 104L, producing nearly hydrogen-clear winds. The star lives for ∼ 104
years, while the envelope mass is both lost to the wind and added to the core as nuclear ashes. If the mass of the core
exceeds the Chandrasekhar mass, the electron-capture collapse follows.
The collapse produces various observed phenomena that depend on the particular properties of the merging system.
In particular, the observed properties of the collapse depend on (i) duration of shell burning affecting the amount of
envelope mass left at the moment of collapse; (ii) duration of shell burning and the corresponding amount of angular
moment transferred to the core; (iii) the viewing angle with respect to the axis.
Duration of the shell burning stage and the amounts of mass left in the shell at the moment of collapse, as well
as the spin of the core, strongly depends on how close the mass of ONeMg WD was to the Chandrasekhar mass before
the merger. If the mass of the ONeMg WD was close to the Chandrasekhar mass the collapse occurs with fairly large
envelope mass, ∼ 0.5m, while the core was not spun up. For longer shell burning stage, envelopes are smaller, cores
rotate faster. Mild envelope masses of few 10% of M result in bright short SNe, FBOTs. In special cases when the
mass of the envelope left at the moment of collapse is very small, SNe like AT2018cow result. Finally, the shell may
be fully expelled with the wind before the core reaches the Chandrasekhar mass. In this case a high mass WD is left
behind (hydrogen and helium deficient WD H1504+65 could be an example Werner & Rauch 2015)
The longer is the shell burning stage, the more angular momentum is transferred from the shell to the core. The
details of the core collapse then depend on its total angular momentum: high core angular momentum result in the
formation of accretion disk around the newly formed NS, while smaller amount of angular momentum can allow direct
collapse into a neutron star, followed by a bounce.
3. Magnetic fields and the central engine
In most cases of WDs mergers and the following collapse, the resulting central neutron star plays the most important
role in powering of the observed emission - as argued for the short GRB case by Lyutikov & Toonen (2017) and for
FBOTs by Lyutikov & Toonen (2019) (see also Drout et al. 2014; Ho et al. 2019; Margutti et al. 2019). During the
collapse, the magnetic field is amplified (Mo¨sta et al. 2015), and the neutron star is spun to millisecond periods. As
a result, the newly born spinning neutron star will produce a long lasting highly magnetized relativistic wind that
shocks against the ejecta (and, later on, against the pre-explosion wind). The NS wind-ejecta interaction will produce
two shocks: forwards shock in the ejecta and termination shock in the wind. It is the wind termination shock that
produces the X-ray emission, while the radiation-dominated forward shock produces the optical transient (in the case
of AT2018cow). In the termination shock the accelerated particles will produce synchrotron emission in the fast cooling
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Fig. 1.— Immediate surrounding of the system following the collapse (after Lyutikov & Toonen 2019). The remaining
NS generates anisotropic pulsar-like wind (highly relativistic, highly magnetized with power ∼ sin2 θ), that interacts
with the bounced-ejected shell, and the preceding wind from the shell burning stage. The pulsar winds, the ejected shell
and the pre-explosion wind are all expected to be equatorially collimated.
regime, so that a large fraction of the wind power will be emitted as radiation. (See Lyutikov & Camilo Jaramillo 2017,
for discussion of emission produced at the highly magnetized termination shock in GRBs).
Powering by the central star through magnetic fields is inferred in the case of J005311 by Gvaramadze et al. (2019).
Here the magnetic fields should be amplified in the burning shell (Ji et al. 2013), while the post-collapse activity of the
central engine is powered by the magnetic fields in the collapse core.
– 4 –
4. The rates and the hosts
We estimated the rate of these events in (Lyutikov & Toonen 2019) with a population synthesis approach using SeBa
(Portegies Zwart & Verbunt 1996; Toonen et al. 2012). For a full description of the models, see the before-mentioned
paper, here we provide a summary of the main results.
We predict that for every solar mass of formed stars, there are of the order of (3− 9) · 10−5 mergers between a ONe
WD and a CO WD within a Hubble time. This is consistent with our estimate of the rates of FBOTs. Here we adopt
the estimate from Drout et al. (2014) that for every 100 core-collapse supernova there are 4-7 FBOTs. Furthermore, we
take a core-collapse rate 0.0025-0.010M−1 based on (Maoz & Graur 2017; Graur et al. 2017).
For a galaxy like the Milky Way, with a constant star formation history of 4M yr−1 for a Hubble time, the current
merger rate of CO-ONe WDs is of the order of (1 − 4) × 10−4yr−1. This is in agreement with the BPS calculations of
Yungelson & Kuranov (2017) and Ruiter et al. (2019). CO-CO WD mergers have a merger rate of about 5× 10−3yr−1,
and those with a combined mass above the Chandrasekhar mass have a merger rate of 1.7 − 2.2 × 10−3yr−1 in our
simulations. Thus, only several percents of WD-WD mergers exceeding the Chandrasekhar mass produce an unusual
transient, FBOTs or GRBs.
Lyutikov & Toonen (2019) also estimated that the he distributions of delay times of the CO-ONeMg mergers after
a single burst of starformation peaks at short delay times of about ∼ 50-100Myr, with a long tail to long delay times.
Thus, there is a slight preference for the host galaxies of CO-ONeMg mergers to be more similar to those of core-collapse
supernovae.
5. Conclusion
In this contribution we described how merger of WDs can produce peculiar SN-type events and special types of
GRBs. We also mention here that Type Ibn supernova PS1-12sk that occurred in a galaxy with low star formation rate
(Sanders et al. 2013; Hosseinzadeh et al. 2019) could have followed a similar path, but involved a He WD.
We thank Vasilii Gvaramadze for comments on the manuscript.
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